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二醇和 α-环糊精的 4-arm-PEG/α-CD 超分子水凝胶体系 
从超分子化学的角度出发，以四臂聚乙二醇（4-arm-PEG）和 α-环糊精（α-












醇和 α-环糊精的 ε-PLL-g-PEG/α-CD 超分子水凝胶 
从超分子化学的角度出发，在 4-arm-PEG/α-CD 超分子水凝胶体系的基础





重建。还指出该温度响应性与 PEG 取代率有关，并认为这与相邻 PEG 分支链
沿主轴的分布间距差异造成组分间超分子作用的建立的难易存在差别有关。 
引入 ADA 分子构建了具有可逆光响应性的 ε-PLL-g-PEG/α-CD/ADA 超分子
水凝胶体系，并认为光响应机理也是源于对竞争性客体分子 ADA 在不同光信号








































Smart materials, especially those possess responsive or/and self-healing 
properties, has developed as a more and more appealing topic among scientists in 
recent years. The advance in constitutional dynamic chemistry which consists of 
supramolecular chemistry and dynamic covalent chemistry, has furthermore triggered 
the enthusiasm of researchers to construct novel smart materials by introducing 
fascinating “dynamic” characteristics. Those urgent questions including how to afford 
materials diverse and multiple responsive properties, how to acquire better self-
healing materials, as well as how to effectively combine the responsiveness and self-
healing trait, will consequentially be paid great attention for a long period. 
Guided by constitutional dynamic chemistry, this Ph. D thesis is aimed to build 
novel smart gels with both multiple-responsive and self-healing properties from 
dynamic covalent chemistry and supramolecular chemistry aspects. 
The main achievements in this thesis are as follows: 
(1) Building of imine-based BF-PEG-CHO/QF-PEG-NH2 dynamic covalent hydrogel 
and organogel with reversible responsiveness to temperature and pH as well as self-
healing property 
From the view of the dynamic covalent chemistry, BF-PEG-CHO/QF-PEG-NH2 
gels were constructed by using bifunctional α,ω-dibenzaldehyde poly(ethylene glycol) 
(BF-PEG-CHO) and 4-arm poly(ethylene glycol) amine (QF-PEG-NH2) as a binary 
gelator system, and the gelation process is based on imine bond, a kind of dynamic 
covalent bond. 
The BF-PEG-CHO/QF-PEG-NH2 dynamic covalent gels exhibited reversible 
responsiveness to temperature and pH, and also revealed good self-healing property. 
The mechanism was proposed to be the reversible formation and dissociation of imine 
bond which causes the constitutional dynamic changes. 
A series of properties including viscoelasticity, sol-gel transition, temperature 
responsiveness, self-healing property and relaxation behavior were characterized via 
rheological testing, which revealed some critical factors that influence gel stability, 
elasticity, concentration dependence of temperature responsiveness and GN. 
BF-PEG-CHO/QF-PEG-NH2 dynamic covalent hydrogel also showed some 















(2) Building of 4-arm-PEG/α-CD supramolecular hydrogel with reversible 
temperature-responsiveness, photo-switchable property and self-healing behavior 
From the view of the supramolecular chemistry, a 4-arm-PEG/α-CD hydrogel 
system was built by using four-arm poly(ethylene glycol) (4-arm-PEG) and α-
cyclodextrin (α-CD). We further proposed that the gelation process is driven 
dominantly by supramolecular interactions including PEG/α-CD host-guest 
interaction, hydrogen-bonding formation between α-CD molecules, and etc. 
The 4-arm-PEG/α-CD supramolecular hydrogel showed reversible temperature-
responsiveness and good self-healing behavior, which may be ascribed to the 
reversible destruction and reconstruction of constitutional supramolecular interactions. 
A photo-switchable 4-arm-PEG/α-CD/ADA supramolecular hydrogel was 
furthermore constructed by introducing the photo-sensitive molecule azobenzene-4,4'-
dicarboxylic acid (ADA). We further posed a photo-responsive mechanism based on 
the regulation of competition between guest molecules interacting with α-CDs by 
light signals when using ADA molecules with cis-trans transition ability as a 
competitor of PEG branches. 
The application potential of 4-arm-PEG/α-CD supramolecular hydrogel in 
delivery field was also confirmed. 
 
(3) Building of ε-PLL-g-PEG/α-CD supramolecular hydrogel with reversible 
temperature-responsiveness and photo-switchable property 
From the view of the supramolecular chemistry, ε-PLL-g-PEG/α-CD hydrogel 
system was built by using α-CD and a comb-like polymer with ε-PLL as skeleton and 
PEG (5 kDa) as branches. The gelation process is also considered to be driven 
dominantly by constitutional supramolecular interactions. 
The ε-PLL-g-PEG/α-CD supramolecular hydrogel also revealed reversible 
temperature-responsiveness which should be attributed to the reversible destruction 
and reconstruction of non-covalent interactions including hydrogen-bonding, host-
guest interaction, etc. The temperature-responsiveness was also influenced by α-
amine-substitution, which may be related to the difference of distance between 
adjacent PEG branches along the ε-PLL skeleton that would result in the difference 
between kinetics of formation of supramolecular interactions. 
A photo-switchable ε-PLL-g-PEG/α-CD/ADA supramolecular hydrogel was also 















facilitated under the control of completion between ADA, a competitive guest 
molecule, and PEG branches. 
 
In summary, the successful construction of BF-PEG-CHO/QF-PEG-NH2 
dynamic covalent hydrogel and organogel, 4-arm-PEG/α-CD supramolecular 
hydrogel, ε-PLL-g-PEG/α-CD supramolecular hydrogel will shed some new light on 
the design and synthesis of smart materials combining multiple-responsive and self-
healing properties in both theoretical and practical sense. Also, the rheological 
analysis method employed in this thesis can be regarded as a highly worthwhile model 
for studying gel properties when using rheological testing as a tool. 
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图 1.1 Pedersen, Lehn 和 Cram 三位诺贝尔奖化学家研究的典型大环化合物体
系。 
Figure 1.1 The typical macrocyclic compounds studied by Pedersen, Lehn, and Cram, 
who were jointly awarded the Nobel Prize in Chemistry. 
 
1967 年，美国杜邦公司科学家 Charles J. Pedersen 博士[4, 5]首次合成了冠
醚，并发现了该大环化合物与碱金属盐之间的选择性络合行为；美国科学家
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